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WIRING BOARD AND METHOD FOR
MANUFACTURING WIRING BOARD

This application 1s a National Stage of International Appli-
cation No. PCT/JP2012/063186 filed May 23, 2012, claiming
priority based on Japanese Patent Application No. 2011-

118332 filed May 26, 2011, the contents of all of which are
incorporated herein by reference 1n their entirety.

TECHNICAL FIELD

The present invention relates to a wiring board and a
method for manufacturing a wiring board.

BACKGROUND ART

Generally, interlayer connection 1s achieved 1n a substrate
by performing copper plating. For example, as shown 1in FIG.
19, in an insulative substrate 300, a surface layer 301 (e.g.,
copper foil) and a surface layer 302 (e.g., copper foil) are
connected by a copper plating layer 304 formed on an 1nner
wall surface of a through hole 303. When the interlayer con-
nection was performed with such typical copper plating, a
large current (e.g., 120 amperes) cannot flow to the copper
plating layer 304.

Patent document 1 discloses technology that allows for the
flow of a large current. More specifically, 1n a printed wiring
board, current through holes, which extend from a front side
to a rear side of a substrate, are arranged in a concentrated
manner. This allows for the flow of a large current o1 50 to 180
amperes without using a bus bar.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. 2010-267649

SUMMARY OF THE INVENTION

In the structure of FIG. 19, a large current (e.g., 120
amperes) cannot flow through the copper plating layer 304.
Thus, referring to FIG. 20, a copper plating layer 3035 having
an increased thickness may be formed by extending the plat-
ing time. However, this would raise the surface of the sub-
strate by AH. In a subsequent process, this would cause dii-
ficulties when mounting electronic components and when
applying solder.

It 1s an object of the present invention to provide a wiring,
board and a method for manufacturing a wiring board that
allow for a large current to tflow through a conductive line
connecting a metal plate on a front surface and a metal plate
on a rear surface, while allowing for a decrease 1n the amount
ol conductive material forming the conductive line.

To achieve the above object, a first aspect of the present
invention 1s a wiring board provided with a base including a
front surface, a rear surface, and a side surface. A first metal
plate 1s joined with the front surface. A second metal plate 1s
joined with the rear surface. A conductive line 1s configured to
clectrically connect the first metal plate and the second metal
plate. The conductive line 1s arranged in an nner space
defined by an 1nner wall surface of a base through hole formed
in the base or an outer space located at an outer side of the side
surface of the base. The conductive line includes the first
metal plate, the second metal plate, and a conductive material
clectrically connecting the first metal plate and the second
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metal plate. At least one of the first metal plate and the second
metal plate includes a joined portion, which 1s joined with the
base, and a bent portion, which 1s bent and extended from the
joimed portion to cover the inner wall surface or the side
surface. The conductive material fills an inner side of the bent
portion.

In the above structure, at least one of the first metal plate
and the second metal plate includes a joined portion, which 1s
joined with the base, and a bent portion, which 1s bent and
extended from the joined portion to cover the inner wall
surtace or the side surface. The conductive material fills an
inner side of the bent portion.

The conductive line includes the first metal plate, which 1s
joined with the front surface, the second metal plate, which 1s
joimed with the rear surface, and the conductive line, which
clectrically connects the first metal plate and the second metal
plate. The conductive line electrically connects the first metal
plate and the second metal plate 1n an mner space of a base
through hole extending through the base or an outer space
located at an outer side of the side surface of the base. This
allows for a large current to flow through the conductive line
connecting the first metal plate and the second metal plate.
Further, the conductive material 1s filled in the space having a

reduced size. This decreases the amount of the filled construc-
tive material.

Preferably, the first metal plate includes a first joined por-
tion, which serves as the joined portion, and a first bent
portion, which serves as the bent portion. The first bent por-
tion 1s bent toward the rear surface. The second metal plate
includes a second joined portion, which serves as the joined
portion, and a second bent portion, which serves as the bent
portion. The second bent portion i1s bent toward the front
surtace to cover the inner wall surface or the side surface
together with the first bent portion. The conductive material 1s
filled between the first bent portion and the second bent por-
tion.

The above structure allows for a large current to flow
through the conductive line connecting the first metal plate
and the second metal plate. The portion where the conductive
matenal 1s filled 1s between the first bent portion, which 1s
bent toward the rear surface of the base, and the second bent
portion, which 1s bent toward the front surface of the sub-
strate. The first bent portion and the second bent portion are
bent toward the base. Thus, after the conductive material
melts, the conductive material easily flows to the lower side.

Preferably, the second metal board includes a through hole
in a portion facing toward the mnner space or the outer space.

In the above structure, the through hole allows for either
one of the release of gas from the base through hole or the
inspection of the conductive line to be performed.

Preferably, the conductive line 1s arranged in the inner
space. The first bent portion 1s bent toward the 1nner space
from an open end of the base through hole that opens 1n the
front surface. Further, the first bent portion includes a through
hole 1n a portion corresponding to a central portion of the base
through hole. The second bent portion 1s bent toward the inner
space from an open end of the base through hole that opens 1n
the rear surface. Further, the second bent portion 1s mserted
into the through hole of the first bent portion.

The above structure ensures electrical connection with the
conductive line formed 1n the interior space of the base
through hole.

Preferably, the through hole formed in the second metal
plate 1s one of a plurality arranged on a circumierence extend-
ing about a center axis of the base through hole, which has a
circular cross-section.
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In the above structure, the plurality of through holes
arranged on a circumierence extending about the center axis
of the base through hole, which has a circular cross-section,
ensures that the conductive line may be inspected further
accurately.

Preferably, the through holes formed 1n the second metal
plate are arranged at equal angular intervals.

In the above structure, the through holes are arranged at
equal angular intervals. This ensures that the mnspection of the
conductive line 1s performed with further accuracy.

A second aspect of the present invention 1s a wiring board
provided with a base including a front surface, a rear surface,
and a base through hole, a first metal plate joined with the
front surface, a second metal plate joined with the rear sur-
face, and a conductive line arranged 1n an 1nner space of the
base through hole to electrically connect the first metal plate
and the second metal plate. The conductive line includes the
first metal plate, the second metal plate, and a conductive
material that electrically connects the first metal plate and the
second metal plate. The second metal plate includes a joined
portion, which 1s joined with the base, and an extended por-
tion, which extends from the joined portion to an opening of
the base through hole. A plate maternial, which includes a
through hole that 1s 1n communication with the base through
hole, 1s arranged 1n the inner space. The conductive material
f1lls the through hole of the base material.

The conductive line includes the first metal plate joined
with the front surface, the second metal plate joined with the
rear surface, and the conductive material that electrically
connects the first metal plate and the second metal plate. The
conductive line electrically connects the first metal plate and
the second metal plate 1n an 1nner space of the base through
hole that extends through the base. This allows for a large
current to flow through the conductive line connecting the
first metal plate and the second metal plate. Further, the plate
material arranged in the space filled with the conductive
material reduces the size of the space filled with the conduc-
tive material. This allows for a decrease in the amount of the
filled conductive material.

Preferably, the extended portion includes a through hole
that 1s 1n communication with the through hole of the plate
material.

In the above structure, the through hole 1n the extended
portion of the second metal plate allows for either one of the
release of gas from the base through hole or the inspection of
the conductive line to be performed.

Preferably, the first metal plate includes a joined portion,
which 1s joined with the base, and an extended portion, which
extends from the joined portion to the opening of the base
through hole. The extended portion 1includes a through hole
that 1s smaller than the base through hole. The through hole of
the plate material 1s 1n communication with the through hole
of the first metal plate, and the conductive material 1s filled 1n
the through hole of the first metal plate and the through hole
of the plate matenal.

A third aspect of the present invention 1s a method for
manufacturing a wiring board. The wiring board 1s provided
with a base including a front surface, a rear surface, and a side
surface, a first metal plate joined with the front surface, a
second metal plate joined with the rear surface, and a con-
ductive line configured to electrically connect the first metal
plate and the second metal plate. The conductive line 1s
arranged 1n an 1nner space defined by an inner wall surface of
a base through hole formed in the base, and the conductive
line 1includes the first metal plate, the second metal plate, and
a conductive material electrically connecting the first metal
plate and the second metal plate. At least one of the first metal
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plate and the second metal plate includes a joined portion,
which 1s joined with the base, and a bent portion, which 1s
bent and extended from the joined portion to cover the inner
wall surface. The method include the steps of joiming the first
metal plate with the front surface, joining the second metal
plate with the rear surface to close one open end of the base
through hole, applying solder paste to a front surface of the
first metal plate at a portion corresponding to the other open
end of the base through hole, forming a through hole 1n the
second metal plate at a portion facing the inner space, and
performing a retlow process on the solder paste to {ill solder,
which serves as the conductive material, into a space formed
by the through hole and an 1nner side of the bent portion while
removing gas from the through hole of the second metal plate.

In the above configuration, 1n the metal plate joining step,
the first metal plate 1s joined with the front surface of the base,
and the second metal plate 1s joined with the rear surface to
close one open end of the base through hole. In the application
step, solder paste 1s applied to the front surface of the first
metal plate at a portion corresponding to the other open end of
the base through hole. In the reflow process step, a reflow
process 1s performed on the solder paste to fill solder, which
serves as the conductive material, 1n an mner side of the bent
portion while removing gas from the through hole formed in
the second metal plate at a portion facing the imnner space of
the base.

This allows for the wiring board of claim 1 to be obtained.
In the retlow step performed when manufacturing the wiring
board, gas 1s released from the base through hole. This stabi-
lizes the solder wettability.

A Tourth aspect of the present mnvention i1s a method for
manufacturing a wiring board. The wiring board 1s provided
with a base including a front surface, a rear surface, and a side
surface, a first metal plate joined with the front surface, a
second metal plate joined with the rear surface, and a con-
ductive line configured to electrically connect the first metal
plate and the second metal plate. The conductive line 1s
arranged 1n an 1nner space defined by an inner wall surface of
a base through hole formed 1n the base. The conductive line
includes the first metal plate, the second metal plate, and a
conductive material electrically connecting the first metal
plate and the second metal plate. The method includes the
steps of arranging the second metal plate that includes a
through hole on the rear surface, wherein the through hole of
the second metal plate 1s in communication with the base
through hole and has a smaller opening area than the base
through hole, arranging a plate material that includes a
through hole 1n the base through hole, wherein the through
hole of the plate material 1s in communication with the
through hole of the second metal plate and has a larger open-
ing area than the through hole of the second metal plate,
arranging the first metal plate that includes a through hole on
the front surface, wherein the through hole of the first metal
plate 1s 1n communication with the through hole of the plate
maternial, and filling a space formed by the through hole of the
second metal plate, the through hole of the first metal plate,
and the through hole of the plate material with solder, which
serves as the conductive matenial.

In the above configuration, in the second metal plate
arranging step, the second metal plate, which includes a
through hole having a smaller opening area than the base
through hole and which 1s in communication with the base
through hole, 1s arranged on the rear surface ofthe base. Inthe
first metal plate arranging step, the first metal plate, which
includes a through hole that 1s 1n communication with the
through hole of the plate material, 1s arranged on the front
surface of the base. In the filling step, an mner space of the
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through hole of the first metal plate and the through hole of the
plate material including the through hole of the second metal
plate 1s filled with solder, which serves as the conductive
material.

The above configuration allows for the wiring board of the
second embodiment to be obtained.

[

‘ect of the Invention

[T

The present invention allows for a large current to flow
through a conductive line connecting the front and rear sides,
and allow for a decrease 1in the amount of the conductive
material forming the conductive line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) 1s a plan view of a wiring board according to a
first embodiment of the present invention, FIG. 1(b) 15 a
cross-sectional view taken along line I-I in FIG. 1(a), and
FIG. 1(c) 1s a bottom view of the wiring board.

FI1G. 2(a) 1s a plan view of the wiring board 1llustrating a
manufacturing process for the wiring board of F1G. 1(a), FIG.
2(b) 1s a cross-sectional view taken along line II-1I 1n FIG.
2(a), and FIG. 2(c¢) 1s a bottom view of the wiring board.

FI1G. 3(a) 1s a plan view of the wiring board 1llustrating a
manufacturing process for the wiring board of FIG. 1, FIG.
3(b) 1s a cross-sectional view taken along line III-1II 1n FIG.
3(a), and FIG. 3(c¢) 1s a bottom view of the wiring board.

FI1G. 4(a) 1s a plan view of the wiring board 1llustrating a
manufacturing process for the wiring board of FIG. 1, FIG.
4(b) 1s a cross-sectional view taken along line IV-1V 1n FIG.
4(a), and FIG. 4(c) 1s a bottom view of the wiring board.

FI1G. 5(a) 1s a plan view of a wiring board according to a
second embodiment of the present invention, FIG. 5(b) 1s a
cross-sectional view taken along line V-V 1n FIG. 5(a), and
FIG. 5(c¢) 1s a bottom view of the wiring board.

FIG. 6(a) 1s a plan view of the wiring board 1llustrating a
manufacturing process for the wiring board of FIG. 5(a), FIG.
6(b) 1s a cross-sectional view taken along line VI-VI in FIG.
6(a), and FIG. 6(c) 1s a bottom view of the wiring board.

FI1G. 7(a) 1s a plan view of the wiring board 1llustrating a
manufacturing process for the wiring board of FIG. 3, FIG.
7(b) 1s a cross-sectional view taken along line VII-VII 1 FIG.
7(a), and FIG. 7(c) 1s a bottom view of the wiring board.

FIG. 8(a) 1s a plan view of the wiring board 1llustrating a
manufacturing process for the wiring board of FIG. 5, FIG.

8(b) 1s a cross-sectional view taken along line VIII-VIII 1n
FIG. 8(a), and FIG. 8(c¢) 15 a bottom view of the wiring board.

FI1G. 9(a) 1s a plan view of a wiring board according to a
third embodiment of the present invention, FIG. 9(b) 1s a
cross-sectional view taken along line IX-I1X in FIG. 9(a), and
FIG. 9(c) 1s a bottom view of the wiring board.

FIG. 10(a) 1s a plan view of the wiring board illustrating a
manufacturing process for the wiring board of FI1G. 9(a), FIG.
10(b) 1s a cross-sectional view taken along line X-X 1n FIG.
10(a), and FIG. 10(c¢) 1s a bottom view of the wiring board.

FIG. 11(a) 1s a plan view of a wiring board according to a
fourth embodiment of the present invention, FIG. 11(b) 1s a
cross-sectional view taken along line XI-XI 1 FIG. 11(a),
and FIG. 11(c) 1s a bottom view of the wiring board.

FI1G. 12 1s an exploded cross-sectional view of the wiring
board of FIG. 11(a).

FIGS. 13(a) to 13(c) are cross-sectional views of the wiring,
board of FIG. 11(a) illustrating a manufacturing process for
the wiring board.
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FIGS. 14(a) and 14(b) are cross-sectional views of the
wiring board of FIG. 11(a) illustrating the manufacturing

process for the wiring board.

FIG. 15 1s a cross-sectional view showing a wiring board
for comparison.

FIGS. 16(a) to 16(c) are cross-sectional views illustrating
a process for applying solder paste to the wiring board of FIG.
11(a).

FIGS. 17(a) to 17(c) are cross-sectional views illustrating
a solder paste applying process for comparison.

FIGS. 18(a) to 18(c¢) are cross-sectional views 1llustrating
a manufacturing process for a modified example.

FIG. 19 1s a cross-sectional view of a prior art wiring board.

FIG. 201s a cross-sectional view of a prior art wiring board.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first embodiment of the present invention will now be
described with reference to the drawings.

Referring to FI1G. 1, a wiring board 10 1s formed by a thick
copper substrate. That 1s, a first copper plate 30, which serves
as a first metal plate, 1s adhered to an upper surface of an
insulative substrate 20, which serves as a base. Further, a
second copper plate 40, which serves as a second metal plate,
1s adhered to a lower surface of the insulative substrate 20.
The first copper plate 30 1s patterned 1nto a desired shaped to
form a current line. Further, the second copper plate 40 1s
patterned into a desired shaped to form a current line.

More specifically, for example, a glass epoxy resin sub-
strate may be used as the msulative substrate 20. The insula-
tive substrate 20 has a thickness of, for example, 400 um, the
first copper plate 30 has a thickness of, for example, 500 um,
and the second copper plate 40 has a thickness of, for
example, 500 um.

The configuration described below electrically connects a
conductive pattern formed by the first copper plate 30 and a
conductive pattern formed by the second copper plate 40.

In the wiring board 10, a base through hole 21 extends
through the insulative substrate 20. A conductive line 50
connects the first copper plate 30, which 1s joined with the
front surface (upper surface) of the insulative substrate 20,
and the second copper plate 40, which 1s joined with the rear
surface (lower surface) of the mnsulative substrate 20. The
base through hole 21 1s circular.

The conductive line 50 includes the first copper plate 30,
the second copper plate 40, and solder 60, which serves as a
conductive material electrically connecting the first copper
plate 30 and the second copper plate 40.

The first copper plate 30 includes a first bent portion 32.
The first bent portion 32 extends from a first joined portion 31
and 1s bent toward the rear side (lower side) of the insulative
substrate 20. In detail, the first bent portion 32 1s bent into the
base through hole 21 from the open end of the base through
hole 21 inthe front side (upper side) of the insulative substrate
20. The first bent portion 32 extends straight and diagonally
downward from the opening of the base through hole 21. A
through hole 33 1s formed 1n the first bent portion 32 at a
location corresponding to the central portion of the base
through hole 21. The through hole 33 is circular.

Two through holes 43 and 44 are formed in the second
copper plate 40. The second copper plate 40 includes a second
bent portion 42, and the second bent portion 42 extends from
a second joined portion 41. The second bent portion 42 1s
formed at a location corresponding to the central portion of
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the base through hole 21. The second bent portion 42 includes
a diagonal section 42a and a hornizontal section 4256. The
second bent portion 42 1s bent toward the front side (upper
side) of the insulative substrate 20 and arranged to cover the
inner wall surface of the base through hole 21 waith the first
bent portion 32. In detail, the diagonal section 42a of the
second bent portion 42 1s bent to extend straight and diago-
nally upward into the base through hole 21 from the opening,
of the base through hole 21 1n the rear side (lower side) of the
insulative substrate. Further, the diagonal section 42 1is
inserted into the through hole 33. The horizontal section 4256
1s located at the distal end of the diagonal section 42a. The
horizontal section 425 1s circular as viewed {rom above, and
the upper surface of the horizontal section 425 1s horizontal.
The upper surface of the horizontal section 1s slightly lower
than the upper surface of the wiring board 10 (upper surtace
of the first copper plate 30).

The through holes 43 and 44 are located 1n the base through
hole 21 of the second copper plate 40. In detail, the through
holes 43 and 44 are formed 1n the second copper plate 40
between the periphery of the opening ofthe base through hole
21 and the basal end of the second bent portion 42. In further
detail, the through holes 43 and 44 are formed 1n the second
copper plate 40 at locations proximal to the diagonal section
42a. The two through holes 43 and 44 are arranged along a
circumierence extending about the center O of the circular
base through hole 21. The through holes (43 and 44) are
arranged at equal angular intervals. The through holes 43 and
44 are circular.

A space between the first bent portion 32 and the second
bent portion 42 including the mterior of the through holes 43
and 44 are {illed with solder 60. The through holes 43 and 44
allow for the filled solder 60 to be visible. Thus, the through
holes 43 and 44 ensure the filling of the solder 60.

The operation of the wiring board 10 will now be
described.

In FIG. 1, the first copper plate 30 1s joined with the front
surface of the mnsulative substrate 20, and the second copper
plate 40 1s joined with the rear surface of the insulative sub-
strate 20. The solder 60 fills the space between the first bent
portion 32 and the second bent portion 42. The solder 60
clectrically connects the first copper plate 30 and the second
copper plate 40 to each other.

Current I flows from the first copper plate 30 to the second
copper plate 40. In detail, current flows from the first bent
portion 32 via the solder 60 to the second bent portion 42.
Here, the flow of a large current (e.g., 120 amperes) 1s
allowed.

In this manner, by devising the shapes of the copper plates
30 and 40 at the two surfaces and performing soldering, a
large current (e.g., 120 amperes) may flow between layers.

A process for manufacturing the wiring board 10 will now
be described.

Referring to FIG. 2, the msulative substrate 20, the first
copper plate 30, and the second copper plate 40 are first
prepared. Here, the base through hole 21 1s formed in the
insulative substrate 20. Further, the first bent portion 32 is
tormed 1n the first copper plate 30. The second bent portion 42
1s Tormed 1n the second copper plate 40.

Then, the first copper plate 30 1s adhered to the upper
surface of the mnsulative substrate 20, and the second copper
plate 40 1s adhered to the lower surface of the insulative
substrate 20. Here, the first bent portion 32 of the first copper
plate 30 1s positioned in the base through hole 21 of the
insulative substrate 20. Further, the second bent portion 42 of
the second copper plate 40 1s arranged 1n the base through
hole 21 of the insulative substrate 20 so as to cover the inner
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wall surface of the base through hole 21 with the first bent
portion 32. A gap 1s formed between the first bent portion 32
and the second bent portion 42, and the gap serves as the space
filled by the solder 60.

Subsequently, as shown 1n FIG. 3, solder paste 61 1s applied
to the first copper plate 30 at the region where the through hole
33 1s formed (on horizontal section 426 of the second bent
portion 42) and 1ts surrounding. The application of the solder
paste 61 1s performed under a situation in which a metal mask
covers a region excluding the application region of the solder
paste 61 1n the base through hole 21. Specifically, the wiring
board 10 has a flat upper surface that forms a copper plate
surface free of projections thereby allowing for the printing of
solder paste to the desired region. Further, during a solder
paste application process, 1 addition to the double-surtace
connection portion of the wiring board 10 (base through hole
21), solder paste may also be applied to a region where
surface-mounted components are arranged.

Then, heating 1s performed 1n a solder reflow furnace so
that fluid solder flows into between the first bent portion 32
and the second bent portion 42 below the application region
of the solder paste 61 thereby filling the space between the
first bent portion 32 and the second bent portion 42. The
solder 60 1s also filled into the through holes 43 and 44.

By visually checking the solder 60 filled in the through
holes 43 and 44 from the rear surface (lower surface), it may
be recognized that the space between the first bent portion 32
and the second bent portion 42 1s sufficiently filled by the
reflow process. This allows for determination of whether or
not soldering has been correctly performed. Specifically, the
second copper plate 40 has a reddish black color, and the
solder 60 has a silver color. This allows for the two to be easily
distinguished thereby ensuring connection.

FIG. 4 shows a case in which the solder 60 1s not filled 1n the
through holes 43 and 44 when filling the solder 60 between
the first bent portion 32 and the second bent portion 42. In this
case, the solder 60 cannot be visually checked through the
through holes 43 and 44. This indicates that the soldering 1s
defective and that the solder melted 1n the solder reflow pro-
cess hasnot spread suiliciently. That 1s, the connection cannot
be ensured. Factors that cause such a defect include, for
example, low retlow temperature, short reflow time, and oxi-
dation of the copper plate surface obstructing the spreading of
solder.

The through holes (43 and 44) for confirming soldering are
prepared 1n this manner. This allows for the solder wettability
to be checked during a shipment inspection.

More specifically, the through holes 43 and 44 are formed
in the lower second copper plate 40. When the solder paste 61
1s applied to the upper first copper plate 30, the filling of the
solder 60 may be visually checked from the through holes 43
and 44 of the lower second copper plate 40. That 1s, the filling
of the solder 60 may be confirmed.

The present embodiment has the advantages described
below.

(1) The conductive line 50 1s formed by the first copper
plate 30, the second copper plate 40, and the solder 60 elec-
trically connecting the first copper plate 30 and the second
copper plate 40. The conductive line 50 electrically connects
the front surface and the rear surface inside the base through
hole 21. This allows for a large current to flow through the
conductive line 50 connecting the front and rear sides.

A detailed description will now be given.

As shown in FIG. 20, when the plating time 1s extended to
form a thick copper plating layer 305 thereby allowing for the
flow of a large current (e.g., 120 amperes), the surface of the
substrate would be raised by AH, and the mounting of elec-
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tronic components on the substrate surface and the applica-
tion of solder 1n a subsequent process would be difficult. In
this respect, the present embodiment allows the substrate
surface to be flat and facilitates the mounting of electronic
components on the substrate surface. Further, the plating time
does not have to be extended, and increases 1n the substrate
cost may be avoided.

Further, the solder 60, which serves as a conductive mate-
rial, 1s filled 1n the mner sides of the bent portions 32 and 42.
This reduces the size of the space filled by the solder 60 and
allows for a decrease 1n the amount of the filled solder 60. The
“inner sides of the bent portions 32 and 42" correspond to the
space between the first copper plate 30 and the second copper
plate 40 that form a conductive line. In the first embodiment,
the “inner sides of the bent portions 32 and 42” corresponds to
the space between the first bent portion 32 and the second bent
portion 42.

Further, the first copper plate 30, which serves as the first
metal plate, extends from the first joined portion 31, which 1s
joined with the mnsulative substrate 20 that serves as the base,
and includes the first bent portion 32, which 1s bent toward the
rear side of the insulative substrate 20. The second copper
plate 40, which serves as a second metal plate, extends from
the second joined portion 41, which 1s joined with the 1nsu-
lative substrate 20, and includes the second bent portion 42,
which 1s bent toward the front side of the insulative substrate
20 and which covers the mnner wall surface of the base through
hole 21 with the first bent portion 32. The solder 60, which
serves as the conductive material, 1s filled between the first
bent portion 32 and the second bent portion 42. The location
filled by the solder 60 serving as the conductive material
(where the solder 60 1s applied) 1s between the {first bent
portion 32, which 1s bent toward the rear side of the insulative
substrate 20, and the second bent portion 42, which 1s bent
toward the front side of the insulative substrate 20, and 1s bent
toward the insulative substrate 20. Thus, the solder 60, after
melting, easily tflows toward the lower side.

The through holes 43 and 44 are formed 1n the second
copper plate 40 at locations facing the interior of the base
through hole 21. This allows for the conductive line 50 to be
inspected through the through holes 43 and 44. That 1s, the
through holes 43 and 44 allows for the filling of the solder 60
between the first bent portion 32 and the second bent portion
42 to be visually checked. Thus, the filling of the solder 60,
which serves as the conductive material, in the portion form-
ing a current line through which a large current tflows may be

checked.

(2) The first bent portion 32 includes the through hole 33
that 1s bent into the base through hole 21 from the opening of
the base through hole 21 at the front side of the nsulative
substrate 20 and formed at a location corresponding to the
central portion of the base through hole 21. Further, the sec-
ond bent portion 42 1s bent into the base through hole 21 from
the opening of the base through hole 21 1n the rear side of the
insulative substrate 20 and 1nserted mto the through hole 33 of
the first bent portion 32. Thus, the conductive line 50 formed
in the base through hole 21 may be used to ensure electric
connection.

(3) The through holes (43 and 44) formed 1n the second
copper plate 40 are arranged along a circumierence extending
about the center O of the circular base through hole 21. This
turther ensures accurate inspection of the conductive line 50.

(4) The through holes (43 and 44) formed 1n the second
copper plate 40 are arranged at equal angular intervals. This
turther ensures accurate inspection of the conductive line 50.

(5) Preferably, the wiring board 10 (thick copper substrate)
of the present embodiment 1s used in an electric vehicle, a

10

15

20

25

30

35

40

45

50

55

60

65

10

hybrid vehicle, and a train. The same applies to the wiring
board (thick copper substrate) of the other embodiments.

Second Embodiment

A second embodiment will now be described centering on
differences from the first embodiment.

FIG. 11llustrates a wiring board on which a conductive line
clectrically connects the first copper plate 30 and the second
copper plate 40 1n the base through hole 21. In the present
embodiment, as shown in FIG. 5, a conductive line 55 i1s
formed to electrically connect the first copper plate 30 and the
second copper plate 40 beside the insulative substrate 20. The
conductive line 55 includes the first copper plate 30, the
second copper plate 40, and solder 65 that serves as a con-
ductive material and electrically connects the first copper
plate 30 and the second copper plate 40.

The first copper plate 30 extends from the first joined
portion 31, which 1s joined with the mnsulative substrate 20,
and includes a first bent portion 35, which 1s bent toward the
rear side (lower side) of the insulative substrate 20. The first
bent portion 35 extends straight and diagonally downward
from a side surface 22 of the insulative substrate 20. The
second copper plate 40 extends from the second joined por-
tion 41, which 1s joined with the insulative substrate 20, and
includes a second bent portion 45, which 1s bent toward the
front side (upper side) of the insulative substrate 20. The first
bent portion 35 extends straight and diagonally downward
from a side surface 22 of the insulative substrate 20 and 1s
arranged to cover the side surface 22 of the msulative sub-
strate 20 with the first bent portion 32.

The second bent portion 45 includes a diagonal section 454
and a horizontal section 45b. The diagonal section 45a of the
second bent portion 42 extends straight and diagonally
upward. Further, the horizontal section 455 of the second bent
portion 43 extends in the horizontal direction from the upper
end of the diagonal section 45a. The upper surface of the
horizontal section 456 and the upper surface of the wiring
board 10 (upper surface of the first copper plate 30) are
located at the same height (flush).

The second copper plate 40 includes a through hole 47
facing a location beside the 1insulative substrate 20. In detail,
as shown in FIG. 5(c¢), the through hole 47 1s formed at a
location substantially adjacent to the side surface 22 of the
insulative substrate 20. As shown 1n FIG. 5(¢), the through
hole 47 1s formed 1n the center of the second copper plate 40
in the widthwise direction. The through hole 47 1s circular.

The solder 65 1s filled between the first bent portion 35 and
the second bent portion 45 including the interior of the
through hole 47.

A process for manufacturing the wiring board 10 will now
be described.

Referring to FIG. 6, the insulative substrate 20, the first
copper plate 30, and the second copper plate 40 are first
prepared. The first bent portion 35 1s formed 1n the first copper
plate 30. Further, the second bent portion 435 1s formed 1n the
second copper plate 40.

Then, the first copper plate 30 1s adhered to the upper
surface of the mnsulative substrate 20, and the second copper
plate 40 1s adhered to the lower surface of the insulative
substrate 20. Here, the first bent portion 32 of the first copper
plate 30 1s positioned at where the side surface 22 of the
insulative substrate 20 1s located. Further, the second bent
portion 43 of the second copper plate 40 1s arranged at where
the side surface 22 of the insulative substrate 20 1s located so
as to cover the side surface 22 of the insulative substrate 20
with the first bent portion 35. A gap 1s formed between the first
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bent portion 35 and the second bent portion 45, and the gap
serves as the space filled by the solder 65.

Subsequently, as shown 1n FIG. 7, solder paste 66 1s applied
to a gap between the first bent portion 335 of the first copper
plate 30 and the second bent portion 45 of the second copper
plate 40 beside the insulative substrate 20 and 1ts surrounding.
Specifically, the wiring board 10 has a flat upper surface that
forms a copper plate surface free of projections thereby
allowing for the printing of solder paste to the desired region.
Further, during the application process of the solder paste, a
metal mask 1s arranged on a portion (distal side) of the upper
surface of the horizontal section 456 1n the second bent por-
tion 45.

Then, heating 1s performed 1n a solder reflow furnace so
that the solder 65 fills the space between the first bent portion
35 and the second bent portion 45 as shown 1n FIG. 5. The
solder 65 also fills the through hole 47. By visually checking
the solder 65 filled in the through hole 47 from the rear surface

(lower surface), 1t may be determined whether or not solder-
ing has been correctly performed.

FIG. 8 shows a case in which the solder 65 1s not filled in the
through hole 47 when filling the solder 65 between the first
bent portion 35 and the second bent portion 45. In this case,
the solder 65 cannot be visually checked through the through
hole 47. This 1indicates that the soldering 1s defective.

The present embodiment has the advantages described
below.

(5) The configuration of the wiring board includes the first
copper plate 30, which serves as the first metal plate, and the
second copper plate 40, which serves as the second metal
plate, includes the bent portions 35 and 45, which extend from
the joined portions 31 and 41 that are joined with the 1nsula-
tive substrate 20 serving as the base. Further, the bent portions
35 and 435 are bent toward the insulative substrate 20 and
arranged to cover the side surface of the insulative substrate
20. The through hole 47 1s arranged 1n the second copper plate
40 at a portion facing a location beside the side surface 22 of
the insulative substrate 20. Further, the inner sides of the bent
portions 35 and 45 including the interior of the through hole
47 are filled with the solder 63 that serves as the conductive
material. This allows for a large current to flow through the
conductive line connecting the front and rear sides. Addition-
ally, the space filled with the solder 635 1s small. This allows
for a decrease 1n the amount of the filled solder 65. Moreover,
the filling of the solder 65 serving as the conductive material
at the mner sides of the bent portions 35 and 45 may be
visually checked from the through hole 47. This allows for
ispection of the conductive line.

A bent portion may be icluded in only one of the first
copper plate 30 and the second copper plate 40. More spe-
cifically, for example, the first copper plate 30 of FIG. 5 may
horizontally extend toward the outer side from the side sur-
tace 22 of the insulative substrate 20.

Third Embodiment

A third embodiment will now be described centering on
differences from the first embodiment.

As shown 1n FI1G. 9, the first copper plate 30, which serves
as the first metal plate, 1s adhered to the upper surface of the
insulative substrate 20 and the second copper plate 40, which
serves as the second metal plate, 1s adhered to the lower
surface of the msulative substrate 20. The first copper plate
30, which 1s adhered to the upper surface of the insulative
substrate 20, 1s patterned into a desired shaped to form a
current line. Further, the second copper plate 40, which 1s
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adhered to the lower surface of the insulative substrate 20, 1s
patterned 1nto a desired shaped to form a current line.

The conductive pattern formed by the first copper plate 30
and the conductive pattern formed by the second copper plate
40 are clectrically connected.

The wiring board 10 includes the conductive line 50 that
clectrically connects the first copper plate 30, which 1s joined
with the front surface (upper surface) of the insulative sub-
strate 20, and the second copper plate 40, which 1s joined with
the rear surface (lower surface) of the insulative substrate 20
in the base through hole 21 that extends through the insulative
substrate 20. The base through hole 21 1s circular.

The conductive line 50 includes the first copper plate 30,
the second copper plate 40, and the solder 110 that electrically
connects the first copper plate 30 and the second copper plate
40. The first copper plate 30 includes a bent portion 37. The
bent portion 37 extends from the first joimned portion 31, which
1s joined with the insulative substrate 20, and bent toward the
rear side (lower side) of the insulative substrate 20. The bent
portion 37 extends straight and diagonally downward from
the opeming of the base through hole 21 and i1s arranged to
cover the mner wall surface of the base through hole 21.
Further, a through hole 38 1s formed 1n the first bent portion 32
at a location corresponding to the central portion of the base
through hole 21. The through hole 38 is circular.

The second copper plate 40 extends horizontally without
being bent. A circular through hole 49 1s formed 1n the second
copper plate 40. The through hole 49 1s located at the central
portion of the base through hole 21. The interior of the base
through hole 21 including the interior of the through hole 49
1s filled with solder 110. The through hole 49 allows for gas to
be released during a solder reflow process and allows for the
filling of the solder 110 to be visually checked. Thus, the
filling of the solder 110 may be ensured.

More specifically, in the manufacturing process, as shown
in FIG. 10, a solder paste 111 1s applied to the first copper
plate 30 at the region where the through hole 38 1s formed and
its surrounding. Then, heating 1s performed 1n a solder reflow
furnace so that fluid solder flows into the region below the
application region of the solder paste 111 thereby filling the

space between the first bent portion 32 and the second bent
portion 42 1n the base through hole 21 as shown in FI1G. 9. The

solder 110 1s also filled into the through hole 49. In this case,
i there were no through hole 49, when solder melts during the
solder reflow process, this would heat and 1ncrease the vol-
ume of the gas (air) trapped in the void between the solder
paste 111 and the second copper plate 40. As a result, the
solder paste 111 may be scattered. In this regard, the present
embodiment forms the through hole 49 in the second copper
plate 40. Thus, even when the gas trapped 1n the void between
the solder paste 111 and the through hole 49 of the second
copper plate 40 1s heated, gas may be released through the
through hole 49. By releasing gas 1n this manner, the solder
wettability 1s stabilized.

Further, by visually checking the solder 110 filled 1n the
through hole 49 from the rear surface (lower surface) of the
wiring board 10, 1t may be recognized that the solder 110 has
been sulficiently filled 1n the reflow process. This allows for
determination of whether or not soldering has been correctly
performed.

The present embodiment has the advantages described
below.

(6) In the configuration of the wiring board, at least one of
the first copper plate 30, which serves as the first metal plate,
and the second copper plate 40, which serves as the second
metal plate, includes the bent portion 37, which extends from
the joined portions 31 and 41 that are joined with the 1nsula-
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tive substrate 20 serving as the base. Further, the bent portion
377 1s bent toward the 1nsulative substrate 20 and arranged to

cover the mner wall surface of the base through hole 21.
Additionally, the 1nner side of the bent portion 37 including
the interior of the through hole 49 1s filled with the solder 110
serving as the conductive material. This allows for a large
current to flow through the conductive line connecting the
front and rear sides. Further, the space filled with the solder
110 1s narrow. This allows for a decrease 1n the amount of the
filled solder 110. Moreover, the filling of the solder 110
serving as the conductive material at the inner side of the bent
portion 37 may be visually checked from the through hole 49.
This allows for inspection of the conductive line. In broad
terms, the through hole 49 1s formed 1n the second copper
plate 40, which serves as the second metal plate, at a portion
facing the interior of the base through hole 21. Further, the
through hole 49 allows for at least one of the release of gas
from the base through hole 21 and the nspection of the
conductive line 30 to be performed.

(7) The process for manufacturing the wiring substrate
includes a metal plate joining step, an application step, and a
reflow step. As shown 1n FIG. 10, 1n the metal plate joining,
step, the first copper plate 30, which serves as the first metal
plate, 1s joined with the front surface of the nsulative sub-
strate 20, which serves as the base, and the second copper
plate 40, which serves as the second metal plate, 1s joined with
the rear surface of the insulative substrate 20 so asto close one
opening of the base through hole 21. In the application step,
solder paste 111 1s applied to the other opening of the base
through hole 21 1n the front surface of the first copper plate 30.
As shown 1n FIG. 9, in the reflow step, a reflow process 1s
performed on the solder paste 111 to fill the 1nner side of the
bent portion 37 including the interior of the through hole 49
with the solder 110, which serves as the conductive material,
while releasing gas from the through hole 49 formed in a
portion of the second copper plate 40 facing the interior of the
base through hole 21. This obtains the wiring board shown in
FIG. 9. The release of gas from the base through hole 21 in the
reflow process when manufacturing the wiring board stabi-
lizes the solder wettability.

The same applies to the through holes 43 and 44 of the first
embodiment. In the reflow process described with reference
to FIGS. 1 and 3, gas may be released from the base through

hole 21 through the through holes 44 and 43.

Fourth Embodiment

A Tourth embodiment will now be described with reference
to FIGS. 11 to 14.

As shown in FIGS. 11 and 12, in the present embodiment,
a metal plate 270 (washer) serving as a plate material 1s
arranged 1n a solder supply space. The metal plate 270
(washer) allows for the solder supply space to be reduced 1n
s1ze. This allows for a decrease 1n the amount of the supplied
solder and allows for solder to be smoothly applied during
solder application using a mask. Further, the metal plate 270
(washer) and the arrangement of through holes 271, 233, and
243 1in copper plates 230 and 240 allows for the release of gas
and the checking of the filled solder through the through hole
243.

A detailed description will now be given.

A wiring board 210 1s formed by a thick copper substrate.
That 1s, the first copper plate 230, which serves as a first metal
plate, 1s adhered to an upper surface of an insulative substrate
220, which serves as a base. Further, the second copper plate
240, which serves as a second metal plate, 1s adhered to a
lower surface of the msulative substrate 220. The first copper
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plate 230 1s patterned into a desired shaped to form a current
line. Further, the second copper plate 240 1s patterned into a
desired shaped to form a current line.

More specifically, for example, a glass epoxy resin sub-
strate may be used as the insulative substrate 220. Further, the
insulative substrate 220 has a thickness of, for example, 400
wm, the first copper plate 230 has a thickness of, for example,
500 um, and the second copper plate 240 has a thickness of,
for example, 500 um.

The configuration described below electrically connects a
conductive pattern formed by the first copper plate 230 and a
conductive pattern formed by the second copper plate 240.

The wiring board 210, which 1s formed by a thick copper
substrate, includes a first copper plate 230, which 1s joined
with the front surface (upper surface) of the insulative sub-
strate 220, and the second copper plate 240, which 1s joined
with the rear surface (lower surface) of the msulative sub-
strate 220 1n a base through hole 221 extending through the
insulative substrate 220. The base through hole 221 is circu-
lar.

The conductive line 250 includes the first copper plate 230,
the second copper plate 240, and solder 260 serving as a
conductive material that electrically connects the first copper
plate 230 and the second copper plate 240.

The first copper plate 230 includes a first extension 232.
The first extension 232 extends horizontally into one opening
of the base through hole 221 from a first joined portion 231
jomed with the insulative substrate 220. Further, the first
through hole 233 i1s formed 1n the first extension 232 at a
portion corresponding to the central portion of the base
though hole 221. The first through hole 233, which 1s located
in one opening of the base through hole 221, 1s circular and
smaller than the base through hole 221.

The second copper plate 240 1includes a second extension
242 . The second extension 242 extends horizontally into the
other opening of the base through hole 221 from a second
joined portion 241 joined with the msulative substrate 220.
Further, the second through hole 243 1s formed 1n the second
extension 242 at a portion corresponding to the central por-
tion of the base though hole 221. The second through hole
243, which 1s located 1n the other opening of the base through
hole 221, 1s circular, smaller than the base through hole 221,
and smaller than the first through hole 233. The second
through hole 243 1s arranged 1n the second copper plate 240 at
a portion facing the interior of the base through hole 221.

A metal plate 27 (washer) 1s arranged 1n the base through
hole 221 of the msulative substrate 220. The metal plate 270
1s disk-shaped and engaged with the base through hole 221.
Further, the third through hole 271 1s formed 1n the central
portion of the metal plate 270. The third through hole 271 1s
circular. The third through hole 271 1s in communication with
the first through hole 233 and the second through hole 243.
Further, the third through hole 271 1s smaller than the first
through hole 233 and larger than the second through hole 243.

The mteriors of the first through hole 233 and the third
through hole 271 including the iterior of the second through
hole 243 are filled with the solder 260, which serves as the
conductive material. The second through hole 243 allows for
the filling of the solder 260 to be visually checked. That is, the
filling of the solder 260 may be ensured.

The operation of the wiring board 210 will now be
described.

In FI1G. 11, the first copper plate 230 1s joined with the front
surface of the insulative substrate 220, and the second copper
plate 240 1s joined with the rear surface of the insulative
substrate 220. Further, the metal plate 270 1s arranged in the
base through hole 221, and the interiors of the through holes
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233 and 271 including the interior of the through hole 243 are
filled with the solder 260. The first copper plate 230 and the
second copper plate 240 are electrically connected to each
other by the solder 260.

Current flows from the first copper plate 230 to the second
copper plate 240. In detail, current tlows from the first exten-
sion 232 via the solder 260 to the second extension 242. Here,
the flow of a large current (e.g., 120 amperes) 1s allowed.

In this manner, by devising the shapes of the copper plates
230 and 240 at the two surfaces and performing soldering, a
large current (e.g., 120 amperes) may flow between layers.

Current may flow to the metal plate 270 (washer).

A process for manufacturing the wiring board 10 will now
be described.

As shown 1n FIG. 13(a), the through hole 243 1s formed 1n
the second copper plate 240. As shown 1n FIG. 13(b), the base
through hole 221 1s formed 1n the insulative substrate 220,
which serves as a core material, and adhesives 222 and 223
are applied to the two surfaces of the insulative substrate 220.
Further, the second copper plate 240 including the through
hole 243, which 1s located at an opening of the base through
hole 221 and 1s smaller than the base through hole 221, 1s
arranged on the rear surface of the insulative substrate 220.

As shown in FIG. 13(c), the metal plate 270, which
includes the through hole 271 that 1s in communication with
the through hole 243 of the second copper plate 240 and larger
than the through hole 243, 1s arranged 1n the base through hole
221. When arranging the metal plate 270 (washer), the metal
plate 270 (washer) 1s just fitted. That 1s, the metal plate 270
(washer) 1s positioned at the opening of the core material
(insulative substrate 220).

As shown 1n FIG. 14(a), the first copper plate 230, which
includes the through hole 233 that 1s in communication with
the through hole 271 of the metal plate 270, 1s arranged on the
front surface of the msulative substrate 220

As shown 1n FIG. 14(b), the lamination of the insulative
substrate 220 and the copper plates 230 and 240 are heated,
pressed, and completely joined by upper and lower plates 280
and 290. That 1s, a lamination pressing machine applies heat
and pressure to join the adhesives 222 and 223.

Subsequently, as shown in FIG. 11, the interiors of the
through hole 233 1n the first copper plate 230 and the through
hole 271 1n the metal plate 270 including the interior of the
through hole 243 1n the second copper plate 240 are filled with
the solder 260 serving as the conductive material.

In detail, a solder paste 1s applied to the surface of the first
copper plate 230 at the region where the through hole 233 i1s
formed and 1ts surrounding. Then, heating 1s performed 1n a
solder retlow furnace so that fluid solder flows into the region
below the application region of the solder paste thereby filling,
the 1nteriors of the through hole 233 1n the first copper plate
230 and the through hole 271 1n the metal plate 270 including
the iterior of the through hole 243 in the second copper plate
240.

In this case, the through hole 243 1s formed 1n the second
copper plate 240. Thus, even when the gas (air) trapped 1n the
vo1d between the solder paste and the second copper plate 240
1s heated, gas may be released through the through hole 243.
The release of gas stabilizes the solder wettability. Further, by
visually checking the solder 260 filled 1n the through hole 243
from the rear surface (lower surface) of the wiring board 210,
it may be recognmized that the solder 260 has been suificiently
filled 1n the reflow process. This allows for determination of
whether or not soldering has been correctly performed.

For example, when electrically connecting layers in the
case of FIG. 15, a large amount of solder 1s necessary. In this
regard, the present embodiment shown 1n FIG. 11 uses the
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metal plate 270 (washer) to raise the height. This allows for
the solder amount to be decreased.

The present embodiment of FIG. 16 that uses the metal
plate 270 (washer) will now be compared with a comparative
example of FIG. 17 that does not use the metal plate 270
(washer). When using the metal plate 270 (washer), in FIGS.
16A,16B,and16C, amask 2635 1s arranged, and a solder paste
262 15 applied to the desired region by a squeegee 266. Here,
as shown 1 FIG. 16(b), the force of flux adheres the solder
paste 262 to substrate side surfaces S1, S2, S3, and S4. As
shown in FI1G. 16(c¢), when removing the mask 265, the solder
paste 262 1s cleanly separated from the mask 263. In the case
of FIG. 17 that does not use the metal plate 270 (mask), as
shown 1n F1G. 17()), the adhering surfaces of the solder paste
262 forms S1 and S2. This decreases the adhering surfaces
and lowers the adhesive force of the solder paste 262. Thus,
when removing the mask 2635, as shown 1 FIG. 17(¢), the
solder paste 262 may adhere to the mask 2635 such that the
solder paste does not remain on the substrate.

In this manner, 1n a solder paste application process, solder
paste adheres to the metal plate 27 (washer). Thus, when
removing the mask, the adhesion of the solder paste to the
mask 1s obviated.

Further, in the lower second copper plate 240 shown 1n
FIG. 11, the through hole 243 1s arranged at a portion corre-
sponding to the central portion of the base through hole 221.
The through hole 243 may be used to release air (gas) or be
used as a window used to check the filled amount of solder.

The first extension 232 may be omitted from the first cop-
per plate 230.

The present embodiment obtains the advantages described
below.

(8) As the structure of the wiring board, the second copper
plate 240 includes the second extension 242, which extends
into the openming of the base through hole 221 from the joined
portion 241 joined with the isulative substrate 220. The
metal plate 270 including the through hole 271 1s arranged in
the base through hole 221, and the interior of the through hole
271 1n the metal plate 270 1s filled with the solder 260, which
serves as the conductive material. This allows for a large
current to flow through the conductive line 250 connected the
front and rear sides.

Further, the metal plate 270 arranged 1n the space filled by
the solder 260 reduces the size of the space filled with the
solder 260. This allows for a decrease 1n the amount of the
filled solder 260.

(9) The extension 242 of the second copper plate 240
includes the through hole 243 that 1s in communication with
the through hole 271 of the metal plate 270. The through hole
243 allows for at least one of the release of gas from the base
through hole 221 (through hole 271) and the imnspection of the
conductive line to be performed.

(10) The first copper plate 230 includes the first extension
232, which extends from the joined portion 231 joined with
the insulative substrate 220 to the opening of the base througl
hole 221 and which includes the through hole 233 that 1s
smaller than the base through hole 221. The metal plate 270,
which includes the through hole 271 that 1s 1n communication
with the through hole 233 of the first copper plate 230, 1s
arranged 1n the base through hole 221.

The 1mteriors of the through hole 233 1n the first copper
plate 230 and the through hole 271 in the metal plate 270 are
filled with the solder 260, which serves as the conductive
material. Thus, the metal plate 270 1s preferable for position-
ng.

(11) The process for manufacturing the wiring board
includes a second metal plate arrangement step, a plate mate-
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rial arrangement step, a first metal plate arrangement step,
and a solder filling step. In the second metal plate arrange-
ment step, the second copper plate 240, which 1s located in the
opening oi the base through hole 221 and includes the through
hole 243 that 1s smaller than the base through hole 221, 1s
arranged on the rear surface of the insulative substrate 220. In
the plate material arrangement step, the metal plate 270,
which includes the through hole 271 that 1s 1n commumnication
with the through hole 243 of the second copper plate 240 and
1s larger than the through hole 243 of the second copper plate
240, 1s arranged 1n the base through hole 221. In the first metal
plate arrangement step, the first copper plate 230, which
includes the through hole 233 that 1s in communication with
the through hole 271 of the metal plate 270, 1s arranged on the
front surface of the insulative substrate 220. In the solder
filling step, the interiors of the through hole 233 1n the first
copper plate 230 and the through hole 271 1n the metal plate
270 including the interior of the through hole 243 1n the
second copper plate 240 are filled with the solder 260, which
serves as the conductive material. This allows for the wiring
board of (10) to be obtained.

Modified examples of the present embodiment will now be
described.

As shown 1n FIG. 18(c), the metal plate 270 (washer),
which includes the through hole 271, may be adhered onto the
second copper plate 240. In detail, as shown in FIG. 18(a), the
second copper plate 240 1s arranged on a stage 2935, and an
adhesive 223 1s applied to the upper surface of the second
copper plate 240. A die 296 1s arranged on the second copper
plate 240, and the die 296 includes a die hole 296a. A metal
plate 297 prior to processing 1s arranged on the die 296, and a
stripper 298 1s arranged on the metal plate 297. The stripper
298 1includes a stripper hole 298a. The stripper hole 298a
receives a punch 299.

The punch 299 1s lowered into the stripper hole 2984 to
punch out the metal plate 197 as shown in FIG. 18(5) and
form the metal plate 270 (washer), which includes the
through hole 271. Further, the punch 299 1s lowered into the
die hole 296a to press the punched out washer (metal plate
270 mcluding through hole 271) against the adhesive 223.

Subsequently, the punch 299 is raised, and the die 296 1s
raised. As shown 1n FIG. 18(c¢), this adheres the metal plate
270 (washer) including the through hole 271 onto the second
copper plate 240.

Then, as shown in FIG. 13(c¢), the imnsulative substrate 220,
which includes the base through hole 221, 1s adhered onto the
second copper plate 240.

As 1llustrated in FIG. 18, the washer (metal plate 270
including through hole 271) 1s adhered to the upper surface of
the second copper plate 240. Burrs are formed when the metal
plate 1s punched out. However, the burrs are caught in the
adhesive 223. This further increases the adhesive strength.

In this case, 1t 1s preferable that the adhesive 223 be con-
ductive. Further, in FI1G. 18(a), the through hole 271 does not
have to be formed beforehand 1n the metal plate 297.

The embodiments are not limited to the foregoing descrip-
tion and may take the following forms.

The wiring boards 10 and 210 do not have to be formed by
thick copper substrates. For example, istead of a copper
plate, a metal plate such as an aluminum plate may be used.

Instead of using solder as the conductive matenial, a differ-
ent metal having a low melting point may be used.

There 1s no restriction to the bending angle of the first bent
portion 32, the bending angle of the second bent portion 42
(diagonal section 42a), the bending angle of the first bent
portion 35, and the bending angle of the second bent portion
45 (diagonal section 45a).
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There 1s no limit to the number of through holes formed 1n
the second metal plate. For example, one to four holes may be
formed. When there 1s a plurality of through holes, the
through holes may be arranged 1n equal angular intervals.

In the first to third embodiments, a metal plate that includes
a bent portion may be extended from a joined portion joined
with the base, and a metal plate that does not include a bent
portion does not have to be extended from a joined portion
joined with the base.

DESCRIPTION OF REFERENCE

CHARACTERS

10: wiring board, 20: insulative substrate, 21: base through
hole, 22: side surtace, 30: first copper plate, 31: first joined
portion, 32: first bent portion, 33: through hole, 35: first bent
portion, 37: bent portion, 40: second copper plate, 41: second
joined portion, 42: second bent portion, 43: through hole, 44:
through hole, 45: second bent portion, 47: through hole, 49:
through hole, 50: conductive line, 35: conductive line, 60:
solder, 65: solder, 110: solder, 210: wiring board, 220: 1nsu-
lative substrate, 221: base through hole, 230: first copper
plate, 231: first joined portion, 232: first extended portion,
233: first through hole, 240: second copper plate, 241: second
joined portion, 242: second extended portion, 243: second
through hole, 250: conductive line, 260: solder, 270: metal
plate, 271: thuird through hole

The mvention claimed 1s:

1. A wiring board comprising:

a base mncluding a front surface, a rear surface, and a side
surface;

a first metal plate joined with the front surface;

a second metal plate joined with the rear surface; and

a conductive line configured to electrically connect the first
metal plate and the second metal plate, wherein the
conductive line 1s arranged 1n an mner space defined by
an mner wall surface of a base through hole formed 1n
the base or an outer space located at an outer side of the
side surface of the base, and the conductive line includes
the first metal plate, the second metal plate, and a con-
ductive matenal electrically connecting the first metal
plate and the second metal plate,

wherein at least one of the first metal plate and the second
metal plate includes a joined portion, which 1s joined
with the base, and a bent portion, which 1s bent and
extended from the joined portion to cover the inner wall
surface or the side surface, and

the conductive material fills an 1nner side of the bent por-
tion,

wherein the second metal plate includes a through hole 1n
a portion facing toward the inner space or the outer
space, and wherein the first metal plate includes through
hole formed 1n the bent portion of the first metal plate at
a location corresponding to the base hole.

2. The wiring board according to claim 1, wherein

the first metal plate includes a first joined portion, which
serves as the joined portion, and a first bent portion,
which serves as the bent portion, and the first bent por-
tion 1s bent toward the rear surface;

the second metal plate includes a second joined portion,
which serves as the joined portion, and a second bent
portion, which serves as the bent portion, and the second
bent portion 1s bent toward the front surface to cover the
inner wall surface or the side surface together with the
first bent portion; and

the conductive materal 1s filled between the first bent por-
tion and the second bent portion.
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3. A wiring board comprising;

a base including a front surface, a rear surface, and a side
surface;

a first metal plate joined with the front surface;

a second metal plate joined with the rear surface; and

a conductive line configured to electrically connect the first
metal plate and the second metal plate, wherein the
conductive line 1s arranged 1n an 1nner space defined by
an mner wall surface of a base through hole formed 1n
the base or an outer space located at an outer side of the
side surface of the base, and the conductive line includes
the first metal plate, the second metal plate, and a con-
ductive matenal electrically connecting the first metal
plate and the second metal plate,

wherein at least one of the first metal plate and the second
metal plate includes a joined portion, which 1s joined
with the base, and a bent portion, which 1s bent and
extended from the joined portion to cover the inner wall
surface or the side surface, and

the conductive material fills an 1nner side of the bent por-
tion, wherein

the first metal plate includes a first joined portion, which
serves as the joined portion, and a first bent portion,
which serves as the bent portion, and the first bent por-

tion 1s bent toward the rear surface;

the second metal plate includes a second joined portion,
which serves as the joined portion, and a second bent
portion, which serves as the bent portion, and the second
bent portion 1s bent toward the front surface to cover the
inner wall surface or the side surface together with the
first bent portion; and

the conductive material 1s filled between the first bent por-
tion and the second bent portion,

wherein

the conductive line 1s arranged 1n the inner space;

the first bent portion 1s bent toward the inner space from an
open end of the base through hole that opens 1n the front
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surface, and the first bent portion includes a through hole
in a portion corresponding to a central portion of the base
through hole; and

the second bent portion 1s bent toward the inner space from
an open end of the base through hole that opens 1n the
rear surface, and the second bent portion 1s nserted into
the through hole of the first bent portion.

4. A wiring board comprising;:

a base mncluding a front surface, a rear surface, and a side
surface:

a first metal plate joined with the front surface;

a second metal plate joined with the rear surface; and

a conductive line configured to electrically connect the first
metal plate and the second metal plate, wherein the
conductive line 1s arranged 1n an mner space defined by
an mner wall surface of a base through hole formed 1n
the base or an outer space located at an outer side of the
side surface of the base, and the conductive line includes
the first metal plate, the second metal plate, and a con-
ductive matenal electrically connecting the first metal
plate and the second metal plate,

wherein at least one of the first metal plate and the second
metal plate includes a joined portion, which 1s joined
with the base, and a bent portion, which 1s bent and
extended from the joined portion to cover the inner wall
surface or the side surtface, and

the conductive material fills an 1nner side of the bent por-
tion,

wherein the second metal plate includes a through hole 1n
a portion facing toward the mnner space or the outer
space,

wherein the through hole formed 1n the second metal plate
1s one of a plurality of through holes arranged on a
circumierence extending about a center axis of the base
through hole, which has a circular cross-section.

5. The wiring board according to claim 4, wherein the

through holes formed 1n the second metal plate are arranged
at equal angular intervals.
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